Prevalences of diverticulum and low-grade mucinous neoplasm (LGMN) were reported as 0.04-2% and less than 1% in the appendix. In this study, the frequency of diverticulum in LGMN cases, the relationship between diverticula and periappendicular mucin, and the possible role of diverticula in pseudomyxoma peritonei pathogenesis were researched. Through systematic review and targeted search, 38 LGMN and 96 diverticula were identified, frequencies and relationship between diverticulum and LGMN were analysed. Diverticulum and LGMN were determined in 4.8% and 1.04%, respectively, of 1922 appendectomy materials specifically grossed by the same pathologist. The prevalence of diverticulum was higher in our study than literature. The difference may be due to detailed macroscopic examination. Diverticulum was detected in 60% of LGMN cases. The rate of diverticulum was found to be significantly higher in LGMNs than non-neoplastic diverticulum (p < 0.001). Periappendicular mucin deposition was significantly more frequent in LGMN cases with diverticulum than in other groups (p < 0.05). Follow-ups were available in 18 patients; none of them had mucin deposition in the peritoneal cavity. We detected that periappendicular mucin was highly associated with diverticula in LGMN cases. Periappendicular acellular mucin deposition may not give rise to pseudomyxoma peritonei. We may think that mucin could move out of the appendix through the diverticulum rather than neoplastic spread in some of these cases.
Introduction
Mucinous tumours constitute one third of all epithelial tumours of the appendix. However, they are encountered in only 0.3% of appendectomy materials [1] . Because even adenoma-like, well-differentiated, and questionable-invasive tumours in the appendix wall may cause pseudomyxoma peritonei, terminolo-gy and classification of the mucinous tumours of the appendix is a much-discussed issue. Some authors believe that such tumours represent a ruptured adenoma and dissemination of adenomatous epithelium to the peritoneal cavity, based on their morphological features [2, 3] . Others consider peritoneal dissemination to be evidence of malignancy and accept low-grade mucinous tumours that disseminate as well-differentiated adenocarcinoma [4, 5] . Mucinous tumours of the appendix are grouped into three categories: "adenoma," "low-grade mucinous neoplasm", and "mucinous adenocarcinoma" in the WHO 2010 classification. Tumours limited in mucosa are termed as "adenoma," tumours with pushing invasion in appendiceal wall as "low-grade mucinous neoplasm," and tumours with infiltrative invasion as "mucinous adenocarcinoma" [6] . Diverticulum of the appendix is very rare, with incidence of 0.004-2% [7, 8, 9] . The real incidence could be higher because it might be overlooked in macroscopic examination. Most of the appendiceal diverticula are acquired, and true congenital diverticula are very rare, with an overall incidence of 0.014% [9, 10, 11] . As a consequence of increased intraluminal pressure, acquired diverticula develop through weak points of the muscularis propria, where arteries penetrate, in the form of mucosal herniation. Congenital diverticula also contain muscularis propria in the diverticular wall. Risk of perforation is higher in acquired diverticula than appendicitis due to the absence of muscularis propria [9, 10] . Ruptured diverticulum may cause mucin accumulation on the serosal surface of the appendix mimicking mucinous neoplasms [12, 13] . In spite of having bland cytological features and lack of frank invasion in the appendiceal wall, it is not clear how low-grade mucinous neoplasms (LGMNs) of the appendix could cause pseudomyxoma peritonei. In this study we aimed to determine the frequency of the diverticulum in LGMN cases diagnosed in our clinic, to research the relationship between the diverticulum and mucin pools on serosa and mesoappendix, and to discuss the possible role of the diverticulum in pseudomyxoma peritonei pathogenesis.
Material and methods

Case selection
A targeted search for the term "mucinous cystadenoma, mucocele, low-grade mucinous neoplasm" was performed in the author's institutional database and reviewed by two pathologists. From the cases diagnosed before 2011, 18 had adequate macroscopic sampling and met the criteria of LGMN, and were included in the study. 1922 consecutive appendectomy specimens, obtained regardless of the cause, were specifically grossed with emphasis on searching for LGMN and/or diverticula, to determine their frequency, in 2011-2015.
Classification
The cases were categorised into three groups:
LGMN with diverticulum, LGMN without diverticulum, and non-neoplastic diverticulum. The cases were classified according to the following descriptions:
Diverticulum: The herniation of appendiceal mucosa through weak points of muscularis propria where arteries penetrate [9] (Fig. 1) .
Low-grade mucinous neoplasm: Tumours with expansile invasion of the appendiceal wall and lined by neoplastic mucinous epithelium with low to moderate grade cytological atypia [6, 14, 15] . Surface epithelium is usually villous, and sometimes flat or wavy from compression of mucin (Fig. 2) . Neoplastic epithelium on fibrotic and hyalinised stroma, rather than lamina propria and muscularis propria, is an indicator of pushing invasion [14, 15] .
Low-grade mucinous neoplasm with diverticulum:
LGMN with herniated neoplastic epithelium through weak points of muscularis propria where arteries penetrate (Figs. 3, 4) .
The three groups were compared in terms of age, sex, size, localisation of the diverticulum, presence of mucin pools on serosa, and/or mesoappendix and calcification.
Statistical analysis
Mean, standard deviation, minimum and maximum, median, ratio, and frequency values were used for descriptive statistics of data. The Kolmogorov-Smirnov test was used to control distribution of variables. The Tukey test was used to analyse quantitative data, and the ANOVA test was used in sub-analysis. The χ 2 test was used to analyse qualitative data and the Fischer test was used when χ 2 conditions were not met. SPSS 22.0 was used to perform the analyses.
Results
Demographics
Appendiceal low-grade mucinous neoplasm
Thirty-eight patients were included in the study. Twenty cases were from the specifically sampled group and 18 cases were from the targeted database. Low-grade mucinous neoplasm was observed as 49% in female gender and 51% in male gender. The average age was 51 years. In the cohort that was specifically grossed and investigated for LGMN, the frequency was 1.04% (20/1922 ).
The number of section (sampling) was 5-22 (average 10), the number of blocks was 3-20 (average eight) in DDMN cases. The appendix was totally sampled in 52% of the cases.
Appendiceal diverticula
A total of 96 consecutive diverticulum cases were included in the study. Appendiceal diverticula was seen in 63% of male gender. The average age was 38 years. In the cohort the prevalence was 4.8% (96/1922). The prevalence of diverticulum in 1902 appendectomy materials without LGMN was 5.04% (96/1902). The number of sections was 4-8 (average 5), and the number blocks was 2-4 (average 3) in non-neoplastic diverticulum.
Comparison of appendiceal low-grade mucinous neoplasm and appendiceal diverticula
In 23 of 38 LGMN cases, diverticulum was detected in the mucinous neoplasm area (60.5%) (Figs. 3, 4, 5, 6). Twelve of 20 LGMN cases (60%), which were specifically sampled cases between 2011 and 2015, were accompanied by diverticulum. Ninety-six diverticula were determined in 1902 cases without LGMN, and the prevalence was 5.04%. There was statistically highly significant difference in terms of presence of diverticulum between LGMN cases and normal appendectomy materials (p < 0.001). Table I shows the comparison of two percentage values.
Three appendiceal adenocarcinomas were reported while we were conducting the study. Two of them were mucinous adenocarcinomas and one of them was conventional adenocarcinoma in the setting of Crohn's disease. The entire appendix was infiltrated by tumour in one of the mucinous adenocarcinomas, and diverticulum could not be distinguished. The other mucinous adenocarcinoma, which was a consultation case, did not include diverticula. However, the macroscopic examination was not done by us, so we could not speculate about the presence of diverticula. Diverticulum was not detected in the conventional adenocarcinoma case with Crohn's disease.
The mean age of patients with diverticula was 38.3 ±13.6 years, with LGMN it was 50.8 ± 15.7 years, and with LGMN + diverticulum it was 49.8 ± 19.4 years. In terms of age, there was a statistically significant difference between patients with diverticula and the other two groups, with the diverticula group being younger than the other groups (p = 0.003). There was no statistically significant difference in terms of patient age between the LGMN and LGMN + diverticulum groups (p = 0.977). No statistically significant difference was found between the three groups in terms of sex distribution (p = 0.233).
Macroscopically, the appendix diameter was statistically significantly larger in LGMN and LGMN + diverticulum cases than in non-neoplastic diverticulum cases (p < 0.001). The diameter was also statistically significantly larger in the LGMN group than the LGMN + diverticulum group (p = 0.03). There was no statistically significant difference in terms of the length of appendix (p = 0.101). Table II shows a comparison between the three groups in terms of size, age, sex, localisation, periappendicular mucin deposition, and calcification.
While the diverticulum was located on distal end in all non-neoplastic diverticulum cases, it was located on distal end in 73.9% (n = 17) and on the middle part in 26.1% (n = 6) of LGMN + diverticulum cases. The difference was statistically significantly different (p < 0.001). Multiple diverticula were determined in 20.8% (n = 20) of non-neoplastic diverticulum cases, and in 17.4% (n = 4) of mucinous neoplasm with diverticulum cases. However, this difference was not statistically significant (p > 0.05).
The tumour was observed through the entire appendix in 53.3% of LGMN cases and 47.8% of LGMN with diverticulum cases. The tumour was located on the distal and middle part of the appendix in other cases. The difference was not statistically significant (p = 0.740).
Microscopically acellular mucin pools were detected on the serosal surface of the appendix and/or mesoappendix in 78.3% of the LGMN with diverticulum group, and 33.3% of the LGMN without diverticulum group (Fig. 5, 6, 7) . Mucin deposits were detected adjacent to the diverticulum in 13.5% of non-neoplastic diverticula (Fig. 7) . Mucin accumulation on serosa and/or mesoappendix was statistically significantly more frequent in LGMN with diverticulum group than other two groups (p < 0.001). No statistically significant difference was found between the LGMN and non-neoplastic diverticulum group in terms of mucin accumulation (p = 0.353).
Psammomatous calcification was determined in luminal mucin or appendiceal wall in 46.7% of LGMN cases, and 43.5% of LGMN with diverticulum cases (Fig. 8) . However, there was no psam- 
Clinical outcome
Follow-up status could be obtained for 18 of total 38 LGMN patients. Follow-up time was between eight months and seven years. One patient died because of non-tumoural cardiac problems. Thirteen of the cases had mucin pools on serosa and/or mesoappendix. Eleven of 13 cases had diverticulum in the LGMN area. None of the patients had clinical complaints and all of them had normal physical examination findings. Every patient had been evaluated by detailed abdominal ultrasonography, some of them by computed tomography and magnetic resonance imaging. No fluid collection or mass formation was detected in periappendicular or intra-abdominal area.
Discussion
The size of most appendiceal diverticula are less than 0.5 cm. Therefore, they can easily be overlooked during macroscopic examination [16] . Their prevalence is reported between 0.004% and 2% in the literature, and they are mostly seen in men [9] . In our study, the prevalence of diverticulum was found to be higher than rates reported in the literature (4.8%). The difference may be due to macroscopic samplings, which were done in more detail by only one pathologist in the meantime. 65% of non-neoplastic diverticulum cases in our series were men, which is compatible with the literature. The large majority of diverticula were multiple and seen in 1/3 distal part of the appendix [9, 17] . All non-neoplastic diverticulum cases and 73.9% of mucinous neoplasms were located in the distal end of the appendix in our series. 20.8% of non-neoplastic diverticulum cases and 17.4% of mucinous neoplasms with diverticulum had multiple diverticula. Acquired pseudo-diverticula, which constitute the majority of the appendiceal diverticula, develop through weak points of the muscularis propria, where arteries penetrate, in the form of mucosal herniation. Increased intraluminal pressure, which occurs as a result of fecalitis, proximally located tumours, and accumulated luminal mucus, plays a part in the formation of the diverticulum. Perforation of a pseudo-diverticulum is frequent because of the absence of a muscular layer [9, 18, 19] . Diverticula accompanying epithelial neoplasms were reported in the literature. In the series by Medlicott and Urbanski a primary appendiceal neoplasm was detected in 30% of acquired diverticulum cases, which were all non-mucinous neoplasms [18] . There are few studies regarding the association of diverticulum with LGMNs. Dupre et al. determined 23 diverticula in 1361 appendectomy materials, and 11 of these were accompanied by primary appendiceal neoplasms. Three of eight LGMN cases were accompanied by diverticulum in this study. They suggested that diverticula may give a clue about underlying neoplasms [16] . In the study by Lamps et al. diverticula were determined in 8 of 19 LGMNs (42%) [20] . We detected accompanying diverticula in 23 of 38 LGMN cases (60.5%). The difference may be due to our abounding number of cases and detailed macroscopic examination. Diverticula were lined by neoplastic epithelium in all cases. One of the reasons for this co-existence may be the increase of intraluminal pressure caused by mucin production that thinned the muscularis propria and made the mucinous epithelium prolapse through weak points where vessels penetrate. The other possible cause is LGMN development in pre-existing diverticulum. In our study, serosal and/or mesoappendiceal mucin pools were detected in 78.3% of cases with diverticula and in 33.3% of LGMNs without diverticulum, and this difference was statistically significant. Detecting mucin accumulation on mesoappendix in LGMN cases with diverticulum more frequently made us think that diverticula may play a part in the pathogenesis of periappendicular mucin deposition and pseudomyxoma peritonei. Rupture of a diverticulum may cause mucin leak into intraabdominal space. There are very few reports studying the relationship between rupture of the diverticula in
LGMNs and pseudomyxoma peritonei. In the study of Lamps et al. acellular mucin accumulation was detected around inflamed, perforated diverticulum in the wall of the appendix in three out of eight LGMN cases. However, no accumulation of mucin was seen on serosal surface or mesoappendix [20] . Mucin accumulation was determined on appendix, gallbladder, omentum, and serosal surface of bowels with ruptured diverticulum during appendectomy in only one out of eight cases [20] . In our 13 cases, which had mucin accumulation on mesoappendix, and were followed-up between eight months and seven years, pseudomyxoma peritonei did not develop. Eleven of 13 cases were LGMN cases with diverticulum. In the study by Pai et al. with 116 cases of appendiceal mucinous neoplasm, mucinous neoplasms were categorized into four groups: LGMN limited to appendix, LGMN with acellular extra-appendiceal mucin, LGMN with extra-appendiceal neoplastic epithelium, and mucinous adenocarcinoma [21] . Mucin accumulation containing neoplastic epithelium on the bladder and the serosal surface of the descending colon was detected in only 1 out of 14 LGMN cases with acellular periappendicular mucin (7%), 45 months after diagnosis. However, the case was a consultation case. The entire appendix could not be evaluated and the surgical margin status was not known, so it was not possible to be sure that the periappendicular mucin was acellular. The other cases with periappendicular acellular mucin did not recur. Diverticulum was detected in 16% of cases in this group and in 14% of cases in the LGMN with extra-appendiceal neoplastic epithelium group. However, it was not stated if mucin accumulation was due to rupture of the diverticulum. Four of 27 cases with periappendicular neoplastic epithelium had mucin accumulation in the right lower quadrant, and 23 of them had in other abdominal regions at the time of the diagnosis. In three out of four cases with localised mucin accumulation, diffuse abdominal disease developed at the follow-up. The five-year and 10-year survival rates of the patients in this group were reported as 79% and 46%, respectively [21] . Our study and all previous reports on LGMN and diverticula are summarised in Table III . Yantis et al. researched the prognostic importance of right lower quadrant limited mucin accumulation with their study involving 65 appendiceal neoplasm cases [22] . As extra-appendiceal mucin accumulation was acellular in 50 cases (77%), periappendicular mucin contained mucinous epithelium in small quantities with low-grade cytological features in 15 patients (23%). After a mean follow-up of 52 months, 96% of patients with acellular mucin were without disease, and diffuse peritoneal disease developed in 33% of patients with neoplastic epithelium. One patient died of the disease. In two patients with acellular mucin and also with disseminated peritoneal disease, the entire appendix could not be evaluated histologically [22] . Similar to our research, in many of the cases in the literature, when the periappendicular mucin was acellular, pseudomyxoma peritonei did not develop. The results of the studies indicate that it carries great importance to sample and examine carefully the entire appendix with serial sections and if necessary with immunohistochemical stains in LGMNs in terms of having periappendicular mucinous epithelium to designate the prognosis of the patients.
In our study, the co-existence of the diverticulum with most of the cases with acellular periappendicular mucin accumulation (78.3%) raised doubts that periappendicular mucin accumulation resulting from rupture of the diverticulum may be associated with better prognosis than mucin accumulation related to expansive invasion. However, the number of cases that were followed-up are few and the follow-up periods are short. In the study by Lamps et al., rupture of the diverticulum was correlated with pseudomyxoma peritonei in only one case [20] . No comment was made about the relationship between rupture of the diverticulum and periappendicular mucin without epithelium in other studies. We could not compare the cellular and acellular mucin accumulation with diverticulum due to having acellular mucin in all cases. On the other hand, diverticular involvement of adenomatous epithelium may confuse with expansive invasion, namely with LGMN, as epithelium in adenoma and LGMN is exactly the same. Some authors even interpreted low grade tumours causing pseudomyxoma peritonei as ruptured adenoma and peritoneal dissemination of adenomatous epithelium based on their morphological features [2, 3] . In adenomas, epithelium is surrounded by lamina propria, and the muscularis mucosa is intact. In LGMNs, muscularis mucosa is not observed and neoplastic epithelium is on fibrous stroma [14, 15] . Lamina propria may not be distinguished due to compression on diverticular area, even muscularis mucosa may not be recognised.
Extra-diverticular histological features of the lesion may be helpful in differential diagnosis. Diverticula should not be evaluated as expansive invasion. If the mucin produced by the tumour leaks into the peritoneal cavity, the behaviour is determined by the nature of the tumour. We can only claim that rather than neoplastic dissemination, in some of these cases, mucin disseminates out of the appendix via diverticula.
Another point to be emphasised in our study is the accompanying psammomatous calcification with 44.7% of LGMNs. Because dystrophic calcification co-exists either with non-neoplastic diverticula or neoplasms, psammomatous calcification is observed only in neoplastic group. Soft tissue mass with curvilinear calcifications in the right lower quadrant detected with abdominal radiographs is a significant finding with regard to LGMN diagnosis [1, 23, 24] . In LGMNs, calcifications in the wall may be confirmed histopathologically. When the calcification is diffuse, then it is termed as a "porcelain appendix" [1] . However, no article was found evaluating the type of calcification in LGMNs in the literature. In routine histopathological examination of appendectomy materials, the relationship between psammomatous calcification and neoplasms may be kept in mind. Adequate sampling and careful microscopic examination should be done.
In conclusion, we found that the true prevalence of diverticulum is more common than that reported in the literature (4.8%). Diverticulum can be overlooked in routine practice but can be detected more frequently with detailed macroscopic examination. It is much more common in cases with LGMN. Furthermore, we detected that periappendicular mucin was highly associated with diverticula in LGMN cases. The importance of periappendicular mucin in the aetiology of pseudomyxoma peritonei was revealed in various studies. However, pseudomyxoma peritonei was not detected in company with periappendicular acellular mucin in many cases, as in our study. It could be argued that mucin could move out of the wall of the appendix through the diverticulum rather than disseminating by means of neoplastic spread in some of these cases. Studies with a large number of cases that are followed-up for a long time are needed to reveal the relationship between diverticula, periappendicular mucin, and pseudomyxoma peritonei.
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